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We point out that the discovery of a right-handed charged gauge boson with mass of around 
a few TeV, for example through a signal of two leptons and two jets that has been reported by 
CMS to have a 2.8cr local excess or through a signal of a resonance decaying into a pair of standard 
model (SM) gauge bosons showing a local excess of 3.4 ct (2.5(j global) reported by ATLAS search, 
will rule out all possibilities of leptogenesis in all classes of the left-right symmetric extensions of the 
Standard Model (LRSM) with both triplet and doublet Higgs scalars due to the unavoidable fast 
gauge mediated B — L violating interactions ej^W^ —>■ Our conclusions are very general 

in the sense that they do not necessarily demand for a lepton number violating detection signal of 

PACS numbers; 12.60.Cn,ll-30.Fs,13.85.Rm,98.80.Cq 


The Left-Right Symmetric Model (LRSM) [I] is one of 
the most popular candidates for extensions of the Stan¬ 
dard Model (SM) of particle physics. In LRSM the Stan¬ 
dard Model gauge group is extended at higher energies 
to 


Glr = SU{3)c X SU{2)l X SU{2)r x U{1)b-l 

where B — L is the difference between baryon (B) and 
lepton (L) numbers. Left-right symmetry breaking 
predicts the existence of a massive right-handed charged 
gauge boson {W^). In this Letter, we point out that 
if has a mass of a few TeV and can be detected 
at the LHC, it will have profound consequences for our 
understanding of the baryon asymmetry of the Universe. 
This is a unique situation where by observing at 
the LHC, we can make a very strong statement about 
our origin, that is regarding the baryon asymmetry of 
the Universe. One of the most attractive mechanisms 
to generate the baryon asymmetry is leptogenesis, 
in which a lepton asymmetry is created before the 
electroweak phase transition, which then gets converted 
to the baryon asymmetry in the presence of {B + L) 
violating anomalous processes [5]. Detection of a TeV 
scale at the LHC would imply violation of {B — L) 
at a lower energy, which will rule out all scenarios of 
leptogenesis. In this context we must mention that an 
excess of 2.8 a level was observed in the energy bin 
1.8 TeV < Miijj < 2.1 TeV in the two leptons two jets 
channel at the LHC by the CMS experiment [3], which 
can be interpreted as due to decay by embedding 

the conventional LRSM with ^ in S'O(IO) [3] 

and with g^ = gn hy taking into account the CP 
phases and non-degenerate masses of heavy neutrinos 
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[5]. More recently, the ATLAS search has also reported 
a resonance that decays to a pair of SM gauge bosons to 
show a local excess of S.dcr (2.5 ct global) in the WZ final 
state at approximately 2 TeV [S] , which can naturally 
be explained by a Wr in the LRSM framework with a 
coupling - 0.4 [7]. 

In the LRSM the fermion sector transforms under the 
gauge group Glr as: 

: ( 1 , 2 , 1 ,- 1 ), Ir: (1,1,2,-1), 

Ql-[3,2,1,^-), Qr: (3,1,2,^). (1) 

In a popular version of the LRSM, the Higgs sector con¬ 
sists of one bi-doublet $ and two triplet Ar^r complex 
scalar fields with the transformations 


$:(1,2,2,0), Ai : (1,3,1,2), A«: (1,1,3,2) (2) 

The left-right symmetry is spontaneously broken to re¬ 
produce the Standard Model and the smallness of the 
neutrino masses can be taken care of by the see-saw mech¬ 
anism [8j. The symmetry breaking pattern follows the 
scheme 

Glr ^ SU{3)c x SU{2)l x C/(l)y = Gsm 

SU{3)c X U{1)em = Gem (3) 


In the first stage of symmetry breaking the right-handed 
triplet Ar acquires a Vacuum Expectation Value (VEV) 
(Ar) = -^vr which breaks the SU{2)r symmetry and 

gives masses to the W^, Zr bosons. The electroweak 
symmetry is broken by the bi-doublet Higgs $, which 
gives masses to the charged fermions and the gauge 
bosons Wf and Zr. The Ar gets an induced seesaw tiny 
VEV, which can give a Majorana mass to the left-handed 
neutrinos. The generators of the broken gauge groups are 
then related to the electric charge by the modified Gell- 
Mann-Nishijima formula Q = T^r + T^r + 
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In a variant of the LRSM with triplet Higgs scalars, 
one considers only doublet Higgs scalars to break all the 
symmetries. This scenario is more popular in all super¬ 
string inspired models. Here the Higgs sector consists of 
doublet scalars 

$: (1,2, 2,0), Hi : (1,2,1,1), Hr : {1,1, 2,1), (4) 

and there is one additional singlet fermion field Sr 
(1,1,1,0) in addition to the fermions mentioned in Eq. 
Q. The doublet Higgs scalar Hr acquires a VEV to 
break the left-right symmetry and results in mixing of S 
with right-handed neutrinos, giving rise to one light Ma- 
jorana neutrino, and one heavy pseudo-Dirac neutrino or 
two Majorana neutrinos. 

In the conventional LRSM, the left-right symmetry is 
broken at a fairly high scale, Mr > 10^° GeV. First, the 
gauge coupling unification requires this scale to be high, 
and second, thermal leptogenesis in this scenario gives a 
comparable bound. One often introduces a parity odd 
scalar and gives a large VEV to this field. This is called 
D-parity breaking, which may then allow Ql ^ gn even 
before the left-right symmetry breaking, and hence, this 
allows gauge coupling unification with TeV scale Mr. 
This is true for both triplet and doublet models of LRSM. 
Embedding the LRSM in an S'O(IO) GUT framework, 
the violation of D-parity at a high scale can explain the 
CMS TeV scale Wr signal for gR « 0.6(?l |1!- 

For a TeV scale W^, all leptogenesis models may be 
classified into two groups: 

• A lepton asymmetry is generated at a very high 
scale either in the context of D-parity breaking 
LRSM or through some other interactions, both 
thermal and non-thermal. 

• A lepton asymmetry is generated at the TeV scale 
with resonant enhancement, when the left-right 
symmetry breaking phase transition is taking place. 

These discussions are valid for the LRSM with both 
triplet as well as doublet Higgs scalars. We use the ref¬ 
erence of the two variants of the LRSM mentioned above 
to study the lepton number violating washout processes 
and demonstrate that all these possible scenarios of lep¬ 
togenesis are falsifiable for a TeV scale Wr. In models 
with high-scale leptogenesis with T > 10® GeV, the low 
energy B — L breaking is associated with giving mass to 
the W^, which allows gauge interactions that wash out 
all the baryon asymmetry before the electroweak phase 
transition is over. On the other hand, the same lepton 
number violating gauge interactions will slow down the 
generation of the lepton asymmetry for resonant leptoge¬ 
nesis at the TeV scale, so that generation of the required 
baryon asymmetry of the universe is not possible for TeV 
scale W^. 

The most stringent constraints on the mass for 
successful high-scale leptogenesis for a hierarchical neu¬ 
trino mass spectrum {Mri^^^ ^ Mn^^ ^ = itt-Nr) 


come from the SU{2)r interactions [S]. To have suc¬ 
cessful leptogenesis in the case Mmr > Mwr the out- 
of-equilibrium condition for the scattering process + 
^ Nr^ e'^ + W^ gives 

Mnr ^ 10^® GeV (5) 

with mwa/mNn ^0.1. Now for the case > Mn^ 

leptogenesis can happen either at T ~ or at T > 

but at less than the B — L breaking scale. Consid¬ 
ering the out-of equilibrium condition for the scattering 
process —>■ W^W^ through Nr exchange one ob¬ 

tains the constraint 

Mwr > 3 X 10® GeV(M7v«/10^ GeV)^/®. (6) 

Thus observing a Wr signal with a mass in the TeV 
range for hierarchical neutrino masses rules out the high- 
scale leptogenesis scenario. In Refs. cni, the constraints 
obtained from the observation of lepton number violat¬ 
ing processes and neutrinoless double beta decay were 
studied to rule out typical scenarios of high-scale ther¬ 
mal leptogenesis, particularly leptogenesis models with 
right-handed neutrinos with mass greater than the mass 
scale observed at the LHC by the CMS experiment. The 
possibility of generating the required lepton asymmetry 
with a considerably low value of the Wr mass has been 
discussed in the context of the resonant leptogenesis sce¬ 
nario m- In the LRSM, it has been pointed out that 
successful low-scale leptogenesis with a quasi-degenerate 
right-handed neutrinos mass spectrum, requires an ab¬ 
solute lower bound of 18 TeV on the Wr mass [12]. 
Recently, it was reported that just the right amount of 
lepton asymmetry can be produced even for a substan¬ 
tially lower value of the Wr mass {Mwr > 3 TeV) [T3| by 
considering relatively large Yukawa couplings, which has 
been updated to 13.1 TeV after a more careful analysis 
in Ref. [H]. In Refs. [TH|T3|, the lepton number violat¬ 
ing gauge scattering processes such as Nrcr urcIr, 
NrUr crcIr, NrcIr —>■ crUr and NrNr — >• crCr 
have been analyzed in detail. However, lepton num¬ 
ber violating scattering processes with external Wr have 
been ignored on the account of the fact that for a heavy 
Wr, there will be a relative suppression of in 

comparison to the processes with no external Wr. Now 
if the Wr mass is a few TeV’s as suggested by the excess 
signal at the LHG reported by the CMS experiment then 
one has to take the latter processes seriously. 

In Ref. [in], we had first pointed out that the lepton 
number violating washout processes (e^e^ —)■ W^W^ 
and ^rW^) can be mediated by doubly 

charged Higgs scalars in the conventional LRSM. Follow¬ 
ing that, in Ref. [14] only this channel was considered, 
and for a particular class of type-I seesaw model with 
relatively small Mmr it was found to have a small con¬ 
tribution, as expected for a large Mwr/Mmr. However 
the other gauge scattering processes in that scenario are 
strong enough to give a lower bound of 13.1 TeV on the 
Wr mass. In this Letter, we explore the above lepton 
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number violating scattering processes mediated by both 
and Nfi in a much more general context, where 
we have also taken into account the interference of these 
channels. The former channel has one gauge vertex and 
one Yukawa vertex, while for the latter channel both the 
vertices are gauge vertices, thus are highly unsuppressed 
compared to the processes involving Yukawa vertices. We 
find that the lepton number violating scattering process 
mediated via both Nr and can 

stay in equilibrium till the electroweak phase transition 
for a TeV scale Wr and wash out the lepton asymmetry ^. 
Thus if one incorporates the above washout process in the 
Boltzmann equation for lepton number asymmetry, the 
mentioned lower limit on Mw^ for successful TeV-scale 
resonant leptogenesis will further go up. In the later vari¬ 
ant of LRSM mentioned above the doubly charged Higgs 
is not there, however, the lepton number violating scat¬ 
tering processes mediated via Nr are still present and 
will wash out the lepton asymmetry. 

In the LRSM, the charged current interaction involving 
the right-handed neutrino and the right-handed gauge 
boson is given by 


be expressed as where corresponds to 

mass of the Majorana neutrino (Nr). 

The Feynman diagrams of the lepton number violat¬ 
ing scattering process induced by the above interactions 
are shown in Fig. Utilizing the interactions in Eqs. 




w^{k) Wji(k') 


efi(P)X 

(c) 


+ h.c. (7) 

where = 67 ^ 7 ^ (1 -f 75 ) Nr. The Lagrangian for the 
right-handed Higgs triplet is given by 

(Dr^Ar)^ [d^rAr), ( 8 ) 

where Ar = (A^'*', A^, A^) in the spherical basis and 
the covariant derivative is defined as Dri^ = — 

^9r {TrA^r^ - ig'Bf,. The and are gauge fields 

associated with SU{2)r and U{1)b-l groups with the 
gauge couplings given by gR and g' respectively. After 
spontaneous breaking of the left-right symmetry by giv¬ 
ing VEV to the neutral Higgs field A^j i.e. (A^j) = j 
the interaction between the doubly charged Higgs triplet 
and the gauge boson Wr will be given by m 

a glW-^W^^A%+ + h.c. (9) 

The Yukawa interaction between the lepton doublet 
■fpeR = {Nr^cr)^ and the Higgs triplet Ar will be given 

by 

Ay = hf-^iijjeRT V'efl + h.c., (10) 

where r’s are the Pauli matrices. By giving a VEV to 
the neutral Higgs triplet field, the Yukawa coupling can 


^ Note that the other scattering process is doubly phase space 
suppressed at a temperature below the Wr mass and hence we 
will not consider it for leptogenesis at T < 


FIG. 1: Feynman diagrams for —>■ scattering 

mediated by Nr and A^ fields. The Feynman diagrams 
for ^ A^r^r e-t® the same as above with appropriate 

change in direction of the external lines. 


([^-pR|, the differential scattering cross section for the 
^R imiik) -Y e^(p')IU^(fc') process is given by [ 1 ^ 


dt 


3847rM^^ (s - 


( 11 ) 


where 



= 44(-t) + + 

eRw^y X++ yRy " 


+ \MARf 


t-Ml 


+ 


4M,i 


Wr 


t-Ml 


\Mn, 


s - u - 

1 1 
+ 


\s-Ml 


u-Ml 


(14) 
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where we have neglected any mixing between Wl and 
Wr. Note that on the r.h.s. of Eq. (14) the first 


term represents the Higgs scalar exchange itself while 
the last two terms correspond to the interference be¬ 
tween the Higgs scalar exchange and the Nr exchange 
mechanisms. The relation between Mandelstem variables 
s = {p -\- kf ', t = [p — p') and u = {p — k') and scat¬ 
tering angle 9 is given by 


st 

su - 


—-(s —(1 =F COS0). (15) 


The differential scattering cross section for the 
e^(p)e^(p') — W^{k)W^{k') process is given by [TB] 


_ _ 1 _ ^enea r ^ \ 

dt ~ ’ ’ 


(16) 


where 



FIG. 2: Plot showing K as a, function of temperature (T) with 
Mwn = 2.1 TeV for the scattering processes —>■ 

and (including both and Nr mediated 

diagrams) for vr > T > Mw^- 


(17)" 

The expressions of in this case are 

obtained by interchanging s o t in t, u): 

^WrWr(*’^’'^)= -KRWRi^^*’’^)- case, the Man¬ 

delstem variables t = (p — k)^ and u = (jp — k')^ are re¬ 
lated to s = (p -I- p')^ and scattering angle 9 by 




It 


\ 


1 - 


s - 


2 

COS0 


of temperature in the range 3Mwr > T > Mwr for 
Mwa = 2.1 TeV (in the mass range of CMS excess) in 
Fig. The high value of K in Fig. for both the 
processes implies that these scattering processes are very 
fast in washing out lepton asymmetry for T ^ 

In the variant of LRSM with doublet Higgs scalars the 
scattering processes cannot be mediated via a doubly 
charged Higgs scalar. However, these lepton number 
violating scattering processes can still be mediated via 
heavy neutrinos, which washes out the lepton asymmetry 
.in this scenario for T ^ Mwr ■ 


nsi. ^ ^ PJ'ocess ^ - 

“important Below we will estimate a lower bound on 


more 


During the period vr > T > Mwr, both the lepton 
number violating processes are very fast without any sup¬ 
pression. To get an idea of the effectiveness of these scat¬ 
tering processes in wiping out the lepton asymmetry, we 
estimate the parameter 


^ ^ n{a\v\) 
H 


(19) 


for both the processes, where n is the number density of 
relativistic species and is given by n = 2 x H 

is the Hubble rate given by ~ 1.7fMp\, where 
p* ~ 100 corresponds to the number of relativistic de¬ 
grees of freedom, and (ctIuD is the thermally averaged 
cross section. In order to obtain a rough estimate of 
Vr, let us draw an analogy with the Standard Model, 
where we have {(j)) = ^ where vr = 246 GeV, and 
Mwi, ~ 80 GeV. Now in the LRSM scenario, where 
we have (A^j) = ^ breaking the left-right symmetry 
and M\Yr = Qrvr. Then taking pR ^ qr, we have 
(d) _ (A°„) 


M, 




3. 


Using the differential cross-section given in Eqs. (II) 
and (16), we plot the behavior of AT as a function 


T till which the latter process stays in equilibrium be¬ 
low T = The cross section of this process as 

a fu nction of temperature T can be obtained from Eq. 
(11). The scattering rate is given by ^ T = h(CTnrei). 
At a temperature T < Mwr the number density n = 


9 


TM. 


( 2tt 


Wr 


3/2 


exp - 




accounts for the Boltzmann 


suppression of the scattering rate. The condition for the 
scattering process to be in thermal equilibrium is T > H. 
Using Mwr and Vrei = 1 we plot the tempera¬ 

ture till which the scattering process 
stays in equilibrium as a function of the in Fig. 

for three different values of Ma^,. We have chosen the 
lowest value of Ma„ to be 500 GeV in accordance with 
the recent search limits on the doubly charged Higgs bo¬ 
son mass m- The plot clearly shows that unless Mw^ 
is significantly larger than the TeV scale, the scattering 
process —)■ e^IU^ will stay in equilibrium till a 

temperature close to the electroweak phase transition and 


^ We have ignored any finite temperature effects to simplify the 
analysis. These effects are small and do not change our conclu¬ 
sions. 
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FIG. 3: Plots showing the out-of-equilibrium temperature (T) 
of the scattering process —> (mediated via 

and Nft fields) as a function of Mw^ for three different values 
of Mah and Mjv^, ~ 

will continue to wash out the lepton asymmetry till that 
temperature. In the LRSM scenario with doublet Higgs 
scalars, the lepton number violating scattering processes 
mediated only via heavy neutrinos will continue to wash 
out the asymmetry till the electroweak phase transition, 
pushing up the lower limit on the Wn mass for a success¬ 
ful leptogenesis scenario far beyond the Wr signal range 
reported by the CMS experiment, ruling out the possi¬ 
bility of generating the observed baryon asymmetry from 
TeV scale resonant leptogenesis as well. 

To conclude, for the high-scale leptogenesis scenario 
(T ^ Mwr), in both the variants of the LRSM the lepton 
number violating scattering processes (e^e^ —)■ 
and ^r^r) very efficient in wiping out the 

lepton asymmetry, while for a TeV scale resonant lepto¬ 


genesis scenario the latter process will stay in equilibrium 
till the electroweak phase transition, washing out the lep¬ 
ton asymmetry for T < Hence we rule out the 

possibility of successful leptogenesis for with mass 
in the TeV range 

• in all possible high-scale leptogenesis scenarios for 
the LRSM variants with (i) triplet Higgs and (ii) 
doublet Higgs, and 

• in TeV scale resonant leptogenesis scenarios for 
LRSM variants with (i) triplet Higgs and (ii) dou¬ 
blet Higgs. 

Complementing the above results, we have also explored 
the low-energy subgroups of superstring motivated Eq 
model in recent works. In one of the supersymmetric 
low-energy subgroups of the Eq (known as the Alter¬ 
native Left-Right Symmetric Model) one can allow for 
high-scale leptogenesis, and explain the excess signal at 
the LHC reported by the CMS experiment from reso¬ 
nant slepton decay. However, the excess signal cannot 
be explained by right-handed gauge boson decay while 
allowing leptogenesis, in both supersymmetric and non- 
supersymmetric low-energy subgroups of superstring mo¬ 
tivated Eq model [18]. Thus, in light of the above, if the 
two leptons and two jets excess at the LHC reported by 
the CMS experiment is indeed due to decay, then 
one needs to resort to a post-electroweak phase transi¬ 
tion mechanism to explain the baryon asymmetry of the 
Universe and in this context, the experiments to observe 
the neutron-antineutron oscillation m or (B — L) violat¬ 
ing proton decay m will play a crucial role in confirming 
such possibilities. 
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